The present study aimed to compare the effects of moderate-intensity continuous and high-intensity interval exercise training (ET) on exercise tolerance, cardiac morphometry and function, hemodynamic, and cardiac autonomic modulation in myocardial infarcted mice. Wild-type mice (WT) were divided into four groups: sedentary WT (S); WT myocardium infarction sedentary (IS); WT myocardium infarction underwent to moderate-intensity continuous ET (MICT), and WT myocardium infarction underwent to high-intensity interval ET (MIIT). After 60 days of descending coronary artery ligation, moderate-intensity continuous ET consisted of running at 60% of maximum, while the high-intensity interval training consisted of eight sprints of 4 min at 80% of maximum and a 4-min recovery at 40% of maximum. Both exercises were performed 1 hr a day, 5 days a week, during 8 weeks. Results demonstrated that IS showed elevated exercise tolerance, as well as decreased hemodynamic and heart function, and autonomic control. On the other hand, both programs of ET were equally effective to increase all parameters, without further differences between the groups. In conclusion, the results of the present study showed that myocardial infarction leads to damage in both investigated strains and the two types of physical exercise attenuated the major impairments provoked by myocardial infarction in exercise tolerance, cardiac structure, cardiac function, hemodynamic and cardiac autonomic modulation.
INTRODUCTION
Myocardial infarction (MI) is defined as the death of myocardial myocytes due to prolonged ischemia (Alpert et al., 2000) . It is one of the most common causes of cardiac morbid-mortality worldwide and brings important impacts on public health (Anand et al., 2008; Finegold et al., 2013) . MI affects not only the heart, but also several other physiological systems (e.g., musculoskeletal system), consequently, impairing exercise tolerance, quality of life and health (Thygesen et al., 2012) .
To comprehend MI pathophysiology and treatment, animal models of heart ischemia have been extensively used in experimental studies (Tarnavski et al., 2004) . In addition, exercise training (ET)-defined as a planned, structured and repetitive bodily movement aimed to maintain or improve one or more components of physical fitness (Caspersen et al., 1985) -has been also considered an inexpensive, non-pharmacological and profitable tool for cardiac rehabilitation (Fletcher et al., 2013; Garza et al., 2015; Hamm et al., 2013) . Although moderate-intensity continuous endurance ET (MICT) seems to be the most accepted and recommend type of exercise for cardiac rehabilitation programs (Mezzani et al., 2013) , the optimal ET prescription to elicit maximal outcomes for MI is still under debate (Lu et al., 2015; Moreira et al., 2013) . Indeed, evidence have been indicating some advantageous for MICT (Pinho et al., 2012) . Whereas, other data have been indicating that high-intensity interval ET (HIIT)-which is conceptually accepted as a relatively brief session of intermittent exercise that alternate among a high-intensity effort and a passive or active rest of the same or approximate duration-can elicit larger beneficial outcomes after MI, in comparison with MICT (Elliot et al., 2015; Keteyian et al., 2014; Lu et al., 2015; Maiorana, 2012) . However, others experiments did not find differences between continuous or interval protocols of ET (Nunes et al., 2015; Pattyn et al., 2016; Tschentscher et al., 2016) , indicating that more data about this specific issue are necessary. Despite of previous results from experiments with rodents and humans, studies comparing the effects of moderate and high-intensity endurance ET in mice are still limited.
Regarding clinical features of MI, several evidence have been indicating that functional alterations on autonomic function should be one of the main concerns in MI, since the relative mortality risk in infarcted patients was 5.3 times higher in low heart rate variability (HRV) (50 msec) patients than in high-HRV patients (100 msec~) (Kleiger et al., 1987) . Moreover, MI patients with lower values (<3.0 msec/mmHg) of baroreflex sensitivity (BrS) showed increased cardiac mortality risk in comparison with higher-BrS patients (La Rovere et al., 1998) . In MI rats, studies from our laboratory also found impaired cardiac autonomic function after MI, whereas MICT elicits increase on the autonomic response, as well as reduces significantly mortality rate (Barboza et al., 2013; Mostarda et al., 2010; Rodrigues et al., 2014c) . On the other hand, results regarding the effects of ET on cardiac autonomic modulation are limited to non-infarcted mice (De Angelis et al., 2004) , such that the effects of moderate-intensity continuous and high-intensity endurance ET on autonomic nervous systems were not investigated previously in MI mice.
Therefore, the present study aimed to compare the effects of continuous and high-intensity interval ET on exercise tolerance, cardiac morphometry and function, hemodynamic, and cardiac autonomic modulation in infarcted mice.
MATERIALS AND METHODS

Animals
Sixty-eight male C57/6J mice (25-30 g) were obtained from the breeding facility of the University of São Paulo (São Paulo, Brazil) when they were 8 weeks old. The mice received standard laboratory chow and tap water ad libitum and were housed in temperature-controlled rooms (22°C) under a 12:12-hr dark-light cycle. The Local Experimental Animal Committee approved all animal protocols (0944/09) and this investigation was conducted in accordance with the Principles of Laboratory Animal Care formulated by the National Institutes of Health (National Institutes of Health Publication No., 96-23, Revised 1996) .
Infarct surgery
Anaesthetized mice (50 mg/kg of ketamine and 10 mg/kg of xylazine, intraperitoneally) underwent to surgical occlusion of the left coronary artery, which resulted in MI. Briefly, after intubation, animals were positive-pressure ventilated with room air at 150 mL, 120 breaths/min with a pressure-cycled rodent ventilator (Model 683, Harvard Apparatus, Holliston, MA, USA). For induction of MI of the left ventricle anterolateral wall, a lateral thoracotomy was performed in the third intercostal space, and the left anterior descending coronary artery was occluded with a nylon (6.0) (Ethicon Inc., Somerville, NJ, USA) suture at approximately 1 mm from its origin below the tip of the left atrium. The control (C) animals underwent the same procedures except that myocardial ischemia was not induced (Sham surgery). The chest was closed with a silk suture. Promptly, 24, 48, and 72 hr after the surgery, a 0,5 mg/kg of morphine were injected into subcutaneous region for analgesia. The mortality rate of the animals undergoing this procedure was 25%.
Left ventricular function
Sixty days after Sham or MI surgeries, echocardiographic evaluations were performed three times by a blinded observer, under the guidelines of the American Society of Echocardiography. Mice were anaesthetized (mixture of 0.5%-2% isoflurane and 98% O2 at a flow rate of 1.5 L/min), and images were obtained with a 160-Hz linear transducer in a SEQUOIA 512 (Acuson Corporation, Mountain View, CA, USA) for measurements of parameters: LV ejection fraction (LVEF %), left ventricular mass (LV mass), LV end-diameter during diastole (LVDD), LV end-diameter during systole, fractional shortening (FS), ejection fraction (EF), absolute isovolumetric relaxation time (IVRT); as described in detail elsewhere (Barboza et al., 2016) .
The transducer was placed in the left anterolateral portion of the thorax, and the heart was imaged as a dimensional axial view of the LV with the mitral and aortic valves, as well as the apex, in the same image. The digital conversion of the image was obtained by a delimitation of the interventricular septum and the posterior wall of the LV. Additionally, an M-mode cursor was positioned perpendicular to the interventricular septum and the posterior wall of the LV at the level of the papillary muscles.
The initial evaluation was performed in order to evaluate LV ejection fraction to allocate the animals on the respective groups. After ET protocols or following, complete echocardiographic analyses were realized (after 8 weeks).
Groups
After the LVEF (%) calculation, mice were randomly divided into three groups: (a) infarcted sedentary (IS; n=12); (b) infarcted MICT (n=12) and (c) infarcted MIIT (n=12). A fourth group, with no infarcted sedentary mice, was designed as a sedentary control group (S; n=12).
Maximal exercise test and training protocols
All animals were adapted to the maximal exercise test procedure with light exercise (i.e., 0.3 km/hr; 10 min/day) for 1 week. After 48 hr, animals underwent a maximal progressive exercise test on a motor-driven treadmill. Maximal progressive exercise test protocol consisted in a ramp protocol, which started with 0.3 km/hr and increased progressively 0.3 km/hr every 3 min until the animals are unable to run further-fatigue-, as described in detail in a previous publication (De Angelis et al., 2004) . Exercise tolerance was recorded as the time that animals expend to reach the fatigue moment.
Before ET or adaptation protocols, all groups performed a regular warm-up exercise at 0.3 km/hr for 3 min. The MICT group performed ET on a motor treadmill at 60% of maximal running speed. The MIIT group performed ET in intervals, alternating between 4 min at 80% of maximal running speed and 4 min at 40% of maximal running speed. Physical exercise (PE) protocols were equalized by volume (1 hr/day) and intensity, meaning that the mean of the intensity performed by MICT (i.e., 30 min at 80% plus 30 min at 40% divided by two) was equal the intensity performed by MIIT. Therefore, both groups performed ET during 1 hr/day, 5 days/week over 8 weeks. At the end of the 4th week, animals were reevaluated in the maximal progressive exercise test to adjust of exercise intensity.
Hemodynamics
Twenty-four hours after the final echocardiography procedures, mice were anesthetized (ketamine-xylazine 80:40 mg/kg) and polyethylene-tipped Tygon cannulas (4 cm of PE-08 connected to 2 cm of PE-50, Clay Adams) filled with heparinized saline were inserted into the carotid artery and jugular vein for direct measurements of arterial pressure (AP) and drug administration, respectively. The free ends of the cannulas were tunneled subcutaneously and exteriorized at the top of the skull. Two days after the catheter placement, hemodynamic measurements were made in conscious, freely moving mice. The arterial cannula was connected to a strain-gauge transducer (Blood Pressure XDCR, Kent Scientific, Litchfield, CT, USA), and AP signals were recorded during a 20-min period using a microcomputer equipped with an analog-to-digital converter (Windaq DI720, 4-kHz sampling frequency, Dataq Instruments). The recorded data were analyzed on a beat-to-beat basis to quantify changes in AP and heart rate (HR)
Autonomic function
Pulse interval (PI) and systolic arterial pressure (SAP) variability (HRV and blood pressure variability [BPV], respectively) were assessed in the time and frequency domains using autoregressive spectral analysis, as previously described. Briefly, PI, and SAP series were divided into segments of 350 beats and overlapped by 50%. A spectrum was obtained for each of the segments via Levinson-Durbin recursion, with the model order chosen according to Akaike's criterion, ranging between 10 and 14. The oscillatory components were quantified in the low-(LF, 0.1-1.0 Hz) and high-frequency ranges (HF, 1.0-5.0 Hz) (Soares et al., 2005) . After coherence calculation, the alpha index was obtained from the square root of the ratio between R-R intervals and SBP variability in the LF two major bands (Mostarda et al., 2010) .
Vagal and sympathetic function and intrinsic heart rate (IHR) were measured by determining the response to methylatropine (1 mg/kg iv) and propranolol (1 mg/kg intravenously) with a maximal injection volume of 40 μL in a 2-day protocol. Because the HR responses to methylatropine and propranolol reach their peak in 3 min, this time interval was used to quantify the drug-induced HR changes. On the first day of study, resting HR was recorded while the rats were in their home cages in an unrestrained state. After methylatropine injection, AP and HR were recorded for 3 min. Propranolol was injected 6 min after methylatropine, and the response was measured for 3 min. The IHR was evaluated after the combined treatment with propranolol and methylatropine. On the second day, the sequence of injections was inverted, beginning with the propranolol injection. The methylatropine effect was evaluated as the difference between the maximum HR after methylatropine and the control HR. The propranolol effect was evaluated as the difference between the control HR and minimum HR produced after propranolol injection (De Angelis et al., 2004) .
Statistical analysis
Data are expressed as mean±standard error. Analysis of variance (ANOVA) for repeated measures was used to compare the means between the groups at baseline and at the end of the protocol. In turn, to compare the means of the same variable, ANOVA oneway with the Tukey post hoc was performed. The significance level was established at P≤0.05.
RESULTS
Exercise tolerance
In the beginning of the protocol, results from maximal exercise test indicated elevated exercise tolerance in S group (844.75± 21.63 sec) in comparison with infarcted groups (IS, MCIT, and MIIT). However, further analysis did not demonstrate differences between IS (618.67±27.95 sec), MICT (663.73±20.48 sec) and MIIT (657.27±53.27 sec). Comparisons pre-post exercise demonstrated increase in exercise tolerance in MICT (69.09%) and MIIT (62.51%) (P<0.001 for both). Results from both groups were superior to the observed in IS and S groups. However, there were no differences between MICT and MIIT.
Echocardiographic measurements
Results of echocardiographic evaluation are present in the Table  1 and Fig. 1 . FS and EF were lower in the IS in comparison with S group. However, no significant differences were observed between IS and trained infarcted groups (MICT and MIIT). On the other hand, MICT and MIIT showed higher CO and IVRT in comparison with IS groups, with no further differences between trained infarcted groups (Fig. 1) . LV diameters during the systole (LVSD) and LVDD showed dissimilar results. Indeed, infarcted sedentary and trained groups demonstrated higher LVSD than S groups. Regarding LVDD, MICT, but no MIIT showed higher values in comparison with S group. Moreover, MI area and LV mass did not show the difference between the groups.
Hemodynamic evaluation
Results of hemodynamic evaluations are show in the Table 2 . SAP, diastolic AP (DAP), mean AP (MAP), and BrS were reduced in IS group compared with S group. Moreover, IS demonstrated lower values of DAP and MAP in comparison with MICT and MIIT. Both kinds of exercise were effective to reverse aforementioned alterations observed in IS groups to toward control group levels; thereby there were no differences between PE groups (i.e., MICT and MIIT) and S group regarding SAP, DAP, MAP, and BrS, with S group.
Autonomic function
Results from autonomic function can be observed in Table 1 . PI variance (VarPI) and its absolute (ms²) HF band, as well as its relative (%) HF and LF bands, were altered in IS groups in comparison with S group. As expected, these results cause changes on LF/ HF ratio, which was higher in IS groups when compared with S group. In turn, PE was able to reverse aforementioned alterations observed in IS groups to toward control group levels; thereby there were no differences between PE groups (i.e., MICT and MIIT) and S group regarding VarPI, absolute and relative HF and LF, as well as LF/HF. In relation to SAP variance, its LF band-which represents the sympathetic outflow to the peripheral vessels-was increased in IS groups in comparison with S group. Again, both kinds of physical exercise reversed significantly this phenomenon to toward control group levels. Moreover, ST and VT were altered in IS groups. However, PE groups inhibit alteration on autonomic tonus, thereby there were no differences between PE groups (i.e.,
MICT and MIIT) and S group.
DISCUSSION
The present study demonstrated that 8 weeks of MICT and HIIT (MIIT)-equalized by exercise intensity and volume-are capable of improving equally exercise tolerance, hemodynamic and heart function, as well as autonomic control in MI mice.
Exercise intolerance is a clinical signal of MI, and its progression, concomitantly with the aggravation of MI, can be associated with the skeletal myopathy observed in heart failure (Bacurau et al., 2016) . Data of the present study indicate that 8 weeks of MICT and MIIT groups elicit a similar increase in exercise toler- ance in post-MI mice (69.09% and 62.51%, respectively). Human experiments (Bacurau et al., 2016; Keteyian et al., 2014) and meta-analytic data (Elliott et al., 2015) from 6 clinical trials, which evaluated 229 patients, have been reporting superior effects of HIIT in comparison with MICT on exercise tolerance after MI. Regarding data from animal experiments, Moreira et al. (2013) investigated possible differences between two 8-week protocols of ET, to quote: a 49 min of moderate-intensity continuous aerobic exercise at 60% of maximal oxygen consumption (VO2max) and a HIIT, composed by 7 cycles of 3 min of continuous aerobic exercise at 60% of VO2max and a 4-min intervals at 85% of VO2max (Moreira et al., 2013) . Results showed that HIIT caused superior adaptations on aerobic capacity in comparison with MICT. Further analyses did not demonstrate differences in the adaptations of the elements associated with aerobic metabolism among the groups underwent to PE, since both increased equally citrate synthase and the cross-sectional area of type I muscle fiber. However, HIIT, but not MICT, caused significant increase in hexokinase maximal activity in the soleus, reflecting ameliorated functioning of anaerobic metabolism, as well as preserved muscle atrophy of type II fibers of plantaris muscle, which may be associated with a better muscular performance on the treadmill test (Moreira et al., 2013) .
Accordingly, results of the present study disagree with data from human (Elliot et al., 2015) and rodents (Moreira et al., 2013) and indicate that programs of ET (i.e., HIIT and moderate-intensity continuous) equalized by total intensity and volume elicit similar improvements in exercise tolerance. Despite the equalization of the variables (i.e., exercise intensity and volume) of ET, other factors, such as the intensity of HIIT prescription, can be responsible for the superior response of exercise tolerance after HIIT observed by Moreira et al. (2013) . Indeed, the volume of the session did not seem to be a key factor in the aerobic adaptive response from HIIT, once, in the present study, we performed a larger session (60 min) than Moreira et al. (2013) (49 min) . On the other hand, our animals were undergoing to a slightly lighter session of HIIT (80% vs. 85%).
Since the organization of the variables of PE is a determinant factor in the human organic response from HIIT (Gibala et al., 2012; Moreira et al., 2013) , is possible that the higher exercise intensity performed by rodents from Moreira et al. (2013) stimulated anabolic pathways responsible for skeletal muscle mass regulation (Coelho-Junior et al., 2016; Holm et al., 2008) , preventing muscle atrophy and, at the end, higher exercise tolerance. On the other hand, the intensity performed in the present investigation was probably not enough to elicit muscle mass maintaining.
Therefore, in front of the present data, is possible suggest that differences in the intensities of HIIT programs can cause different metabolic and muscular adaptations in MI rodents, indicating that more studies are still necessary about the effects of HIIT on exercise tolerance after MI.
In relation to the hemodynamic evaluations, interestingly, data of the present study indicate that IS group showed lower values of SAP, DAP, and MAP than S and trained MI groups. This response may be partly explained by impaired ventricular function-once IS group presented decreased CO-accompanied by significant alteration on FS and EF-, in comparison with the other groups. Moreover, is possible observe that IS animals showed decreased BrS (i.e., alpha-index) and increased autonomic imbalance, indicated by increased vascular sympathetic modulation (% LF of PI) and vascular tonus, which were not enough to counteracting cardiovascular dysfunction and restores CO, following by decreased cardiac parasympathetic modulation (absolute and relative [%] HF of PI) and vagal tonus.
Several evidence corroborate with data of the present study and indicate that MI is associated with decreased hemodynamic response (i.e., SAP, DAP, MAP, and BrS) and ventricular function (i.e., FS, EF, LVSD), concomitant with autonomic dysfunction in favor of sympathetic activity (Jorge et al., 2011; Mostarda et al., 2010; Rodrigues et al., 2014a; Rodrigues et al., 2014b) . This phenomenon seems to occur due to neurohumoral excitation, which represents an initial response of the organic system to MI in an attempt to stabilize CO, avoiding impairment of blood flow to the tissues (Jorge et al., 2011; Rodrigues et al., 2014a) . However, the progression of MI is accompanied by chronical neurohumoral excitation leading to deleterious effects and, consequently, poor prognosis (Jorge et al., 2011; Rodrigues et al., 2014a) .
BrS impairment has been indicating as the main, or, at least, one of the main responsible for suppressed sympathoinhibition observed in MI, inducing altered heart and peripheral hemodynamic functioning (Mostarda et al., 2010; Mostarda et al., 2014; Rodrigues et al., 2014a) . Furthermore, evidence are not limited to the relation between BrS and overall hemodynamic control, but data for our group suggesting that BrS dysfunction can further impair cardiac functioning (i.e., ventricular function) due changes on cardiac proteins involved in calcium intracellular homeostasis (i.e., SERCA2 and NCX) and proinflammatory process (Mostarda et al., 2010; Mostarda et al., 2014; Rodrigues et al., 2014a; Rodrigues et al., 2014b) . Therefore, data of the present study indicate that IS group presents a classical MI phenotype observed in other rodents (e.g., rats) once impairment on BrS collaborates with autonomic dysfunction causing ventricular dysfunction.
Regarding the effects of ET, data of the present study indicate the both protocols of ET-moderate-intensity continuous endurance and HIIT-were equally effective to reverse hemodynamic, functional and autonomic dysfunctions observed in IS, causing changes toward control group levels (i.e., S group). Moreover, such as observed on exercise tolerance, results did not demonstrate differences between the ET groups.
Data of the present study are confluent with several evidence, which have been indicating that MICT is profitable to counteracting the deleterious effects of MI on cardiac function, hemodynamic and autonomic control in rodents (Barboza et al., 2013; Jorge et al., 2011; Rodrigues et al., 2014a; Rodrigues et al., 2014b) . Moreover, since the seminal experiment of Wisløff et al. (2007) , which showed superior effects of HIIT in the LV remodeling, systolic and diastolic function of cardiac patients in comparison with MICT, studies have been conducted and also observed beneficial effects of HIIT in rodents (Lu et al., 2015; Moreira et al., 2013) . Therefore, taken data together, is possible infer that both kinds of exercise can be effective to reverse impaired cardiac function, as well as hemodynamic and autonomic dysfunctions, observed in MI-mice, consequently, improving mortality rate.
However, to the best of our knowledge, just one study compared both kinds of exercise; however, the study was developed in rats (Moreira et al., 2013) . Thereby, as far as the literature is concerned, this article was the first one to compare an interval with a MICT in ischemic MI mice. Interestingly, as aforementioned, Moreira et al. (2013) showed superior effects on exercise tolerance after HIIT in comparison with MICT. Nevertheless, as in the present study, data demonstrated that both groups elicited similar improvements in cardiac function in response to both kinds of exercises. Thus, in conjunction with Moreira et al. (2013) , evidence in rodents did not support the superior effect of HIIT on cardiac function, hemodynamic and autonomic control.
Since the main differences between our protocol and the protocol of Moreira et al. (2013) are the intensity prescribed to HIIT, unlike the exercise tolerance, which seems to be influenced by HIIT intensity, cardiac function, hemodynamic and autonomic control did not seem to be intensity-dependent. In the classical protocol of Wisløff et al. (2007) , patients were undergone to twelve weeks of exercise. Therefore, is possible that larger time of interventions would collaborate to larger effects of HIIT. Thus, future studies should be designed with a larger time of intervention.
In conclusion, data of the present study indicate that MI leads to impairment of exercise tolerance, cardiac function, hemody-namic and autonomic control. On the other hand, both kinds of physical exercise were effective to reverse the cardiac and autonomic deleterious effects of MI.
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